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Sir: 

Appellants hereby submit an original and three copies of this Appeal Brief to the Board 
of Patent Appeals and Interferences in response to the final Office Action dated February 20, 
2004. The Notice of Appeal is filed concurrently herewith. 

The fee for filing the Notice of Appeal is $165, and the fee for filing this Appeal Brief is 
$165; a check is enclosed. If the check is inadvertently omitted, or the amount is insufficient, or 
should any additional fees under 37 C.F.R. §§ 1.16 to 1.21 be required for any reason relating to 
the enclosed materials, or should an overpayment be included herein, the Commissioner is 
authorized to deduct or credit said fees from or to Fulbright & Jaworski L.L.P. Account No.: 50- 
1212/UTSC:660US. 

Please date stamp and return the attached postcard as evidence of receipt. 

I. REAL PARTY IN INTEREST 

The real party in interest is the assignee, Board of Regents, The University of Texas 

System, Austin, Texas. 

IL RELATED APPEALS AND INTERFERENCES 

There are no interferences or appeals for related cases. 

III. STATUS OF THE CLAIMS 

Claims 54-141 are pending, of which claims 61-130 are withdrawn. Therefore, claims 

54-60 and 131-141 are under active examination. 

As explained below, Appellants attempted to amend base claim 54 to focus the present 
appeal on one of the two alternative embodiments presented by that claim (the "water- 
containing" embodiment). However, the Examiner refiised to enter that narrowing amendment. 
Therefore, Appellants are proceeding with the present appeal only with respect to dependent 
claims that present the water-containing embodiment, claims 138-141. It is Appellants' 
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intention, if successful in the present appeal, to introduce amendments into base claim 54 that are 
consistent with the water-containing embodiment reflected by appealed claims 138-141. 

A copy of the claims on appeal, as well as the other pending and withdrawn claims, is 
attached as Appendix A. 

IV. STATUS OF AMENDMENTS 

Appellants sought an amendment after final to focus the present appeal on the water- 
containing embodiments. The Examiner refused to enter this amendment, stating that "the 
limitations of soybean oil and water are now deleted fi:om claim 54, yet dependent claim 141 
recites this limitation." This statement is incorrect in that the after-final amendment did not seek 
to remove the word "water" from claim 54, it only sought the removal of the words "one or more 
of soybean oil and", which amendment would have effectively introduced the limitations of 
claim 138 into claim 54. This was actually stated in the response to final, wherein Appellants 
stated that: 

Independent claim 54 has been amended and is now directed specifically 
to the use of 4HPR lipid compositions wherein the lipid composition comprises 
DMPC and water. Claims 133 and 138 have been cancelled and the dependencies 
of claims 134 and 139 revised accordingly. 

Applicants are amending independent claim 54 in order to prosecute the 
claimed subspecies of allowance/appeal. Applicants reserve the right to proceed 
with claims directed to the additional subject matter in fixture continuing 
apphcations. If the pending claims are passed to allowance, Applicants would 
propose to cancel withdrawn claims 61-119 and 130, or authorize an examiner's 
amendment, in order to place the case into condition for allowance. 

The Examiner was subsequently contacted by phone and Appellant's representative 

attempted to explain the appropriateness of the amendment, but the Examiner again refiised to 

enter the amendment. 
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V. SUMMARY OF THE INVENTION 

The invention that is the subject of the present appeal is directed to the treatment of 
cancer using a compound known as N-(4-hydroxyphenyl) retinamide or a derivative thereof 
(hereinafter collectively "4-HPR") that is formulated in a composition that includes the 
phospholipid DMPC and water, as well as possibly other elements such as soybean oil. The 
subject matter of the present appeal is reflected generally by dependent claim 138, which can be 
depicted in independent form as follows: 

138. A method of treating a subject having cancer, comprising administering to 
said individual a therapeutically effective amount of a composition comprising N- 
(4-hydroxyphenyl) retinamide, or a derivative thereof, encapsulated in a lipid 
material, wherein said lipid material comprises dimyristoyl phosphatidylcholine 
(DMPC) and water. 

Dependent claims 139 and 140 make reference to specific percentages and ranges of 
water, whereas claim 141 refers to the inclusion of DMPC, water and soybean oil. 

VI. ISSUES ON APPEAL 

The issues addressed in this appeal include: 

a) Whether the subject matter of claims 138-141 is obvious over the combination of 
Mehta, US 5,81 1,1 19 (Exhibit 1) in view of Ulukaya (Exhibit 2); 

b) Whether the subject matter of claims 138-141 is obvious over the combination of 
Mehta in view of Minton, US 5,008,291 (Exhibit 3) or Zeligs, US 6,093,706 (Exhibit 4), or vice 
versa. 
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VIL GROUPING OF THE CLAIMS 

The claims are to be considered separately, and separate arguments are presented 

hereinbelow. 

VIIL ARGUMENT 

A. The rejection of claims 138-141 over Mehta in view of Ulukaya 

1. Summary of Rejection 

The Action rejects claims 138-141 over the combination of Mehta in view of Ulukaya, 
taking the position that Mehta teaches the use of liposomal retinoids comprising soybean oil and 
DMPC in the treatment of cancer. Ulukaya is cited as teaching that 4-HPR is a retinoid known 
to be useful in treating cancer. 

The Final Action included no reference to any teaching in either Mehta or Ulukaya that 
concems the inclusion of water in the liposomes of Mehta. When this pointed out in Appellants' 
response to final, the Advisory Action stated merely that "applicant's arguments that Mehta' s 
liposomes do not have water are not found to be persuasive since liposomal bilayer formation 
occurs only after hydration with water." The Examiner provided no teaching to support this 
conclusion which, for the reasons stated below, is incorrect. 

2. Appellants' Remarks 

a) Substantial evidence required to uphold the examiner position 
Findings of fact and conclusions of law by the U.S. Patent and Trademark Office must be 
made in accordance with the Administrative Procedure Act, 5 U.S.C. § 706(A), (E), 1994. 
Dickinson v. Zurko, 527 U.S. 150, 158 (1999). Moreover, the Federal Circuit has held that findings 
of fact by the Board of Patent Appeals and hiterferences must be supported by "substantial 
evidence" within the record. In re Gartside, 203 F.3d 1305, 1315 (Fed. Cir. 2000). In In re 
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Gartside, the Federal Circuit stated that "the 'substantial evidence' standard asks whether a 
reasonable fact finder could have arrived at the agency's decision." /^/. at 1312. 

Accordingly, it necessarily follows that an Examiner's position on Appeal must be 
supported by "substantial evidence" within the record in order to be upheld by the Board of Patent 
Appeals and Interferences. 

b) The standard for obviousness 

In order to establish a prima facie case of obviousness, three basic criteria must be met: 
(1) there must be some suggestion or motivation, either in the references themselves or in the 
knowledge generally available to one of ordinary skill in the art, to modify the reference or to 
combine reference teachings; (2) there must be a reasonable expectation of success; and (3) the 
prior art reference (or references when combined) must teach or suggest all the claim limitations. 
Manual of Patent Examining Procedure § 2142. Moreover, the teaching or suggestion to make 
the claimed combination and the reasonable expectation of success must both be found in the 
prior art, and not based on Apphcant's disclosure. In re Vaeck, 947 F.2d 488, 20 U.S.P.Q. 2d 
1438 (Fed Cir. 1991). When "the motivation to combine the teachings of the references is not 
immediately apparent, it is the duty of the examiner to explain why the combination of the 
teachings is proper." MPEP § 2142. 

c) No Proper Prima Facie Rejection Made 

It is Appellant's position that the Examiner has failed to make out a prima facie 
obviousness rejection over the references, alone or in combination, which have not been shown 
to teach or suggest each of the elements of the claims. The principal reference, Mehta, fails to 
teach or suggest the use of DMPC and water to form its liposomes. Mehta' s Example 1 
describes the preparation of liposomal-all trans-retinoic acid ("L-RA"). In the paragraph 
beginning at col 7, line 54 of Mehta, it is described that the retinoic acid ("RA") is comprised in 
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t-butanol, and that the butanol-solubiUzed RA is then added to the "dried lipid film" to form the 
liposomes. It is specifically stated that only butanol, not butanol + water, was used to form the 
liposomal retinoid. Thus, there is no teaching here that water or an aqueous solution is added 
during the liposomal formulation step. 

The Examiner apparently relies upon the statement in Mehta which concems 
"reconstitution" of already- formed "liposomal retinoic acid" in an aqueous solution (see, e.g., 
col 7, In 66, to col. 8, In 3). The Examiner has not shown that resuspending already-formed 
liposomes in an aqueous solution results in the introduction of water into the lipid layer - in fact, 
it does not! Resuspending already- formed liposomal/drug in an aqueous results in water going 
into the interior of the liposome, not into the lipid bilayer. It is noted that the claims require that 
the "lipid material" used to form the liposomes comprise water. In contrast to the liposomes of 
Mehta, the present liposomes actually incorporate water in the lipid bilayer by virtue of it's 
presence in the starting butanol. As explained below and exemplified in the present 
specification, inclusion of water in the lipid material at the time of formation of the liposome has 
significant advantages over the Mehta approach of not including water in the lipid material 

In contrast. Applicants' specification discloses, for example in Example 1 and Table 2 
(page 83; attached as Exhibit 5 hereto), that liposomal 4-HPR can be formed using DMPC and 
water, or DMPC + water + soybean oil ("SO"), and, as explained in more detail below, that such 
water containing formulations have surprisingly higher encapsulation efficiencies, at. least in the 
context of 4-HPR, than do 4-HPR lipid formulations prepared without the inclusion of water. 
d) The secondary reference does not cure the defect 

None of the secondary references contains a teaching that remedies the deficiencies in 
Mehta with respect to the inclusion of water in the DMPC phospholipid composition used to 
form liposomes. Ulukaya contains no disclosure that Applicants can find that suggests a 
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liposomal formulation, and the Examiner appears to concede this and simply relies on supposed 
advantages of 4-HPR per se. However, it is unclear how this fact alone provides a suggestion to 
provide the 4-HPR or water in the lipid formulation of Mehta. hideed, there is evidence in 
Ulukaya that teaches away from the combination: Ulukaya teaches that 4-HPR has properties 
that distinguish it from naturally occurring retinoids, including the fact that it apparently exerts 
its clinical effects by a different pathway from classical retinoids. This fact suggests that 4-HPR 
has different physicochemical and/or biological properties from classical retinoids, which 
immediately brings into question whether one of ordinary skill would have an expectation that 
this very different retinoid could be practiced in the context of the teachings of Mehta. We think 
not. Furthermore, with the known advantages described in Ulukaya, we question whether one of 
skill would be motivated to try to modify it in any way. Again, we think not. 

e) Claims 139 and 140 

The subject matter of claims 139 and 140 are separately patentable. Claim 139 is 
directed to a composition wherein the lipid material comprises from 1 to 10% water, and claim 
140 is directed to a composition wherein the lipid material comprises about 10% water. The 
Examiner has not even attempted to make a prima facie rejection of the subject matter of these 
claims. As noted below in the secondary considerations section, such formulations have 
surprisingly high 4-HPR encapsulation efficiency, particularly when compared to liposomes 
prepared without water as taught by Mehta. 

f) Evidence of Secondary Considerations 

As noted above, there exists here strong evidence to support a conclusion of non- 
obviousness. Applicants' specification discloses, in Example 1 and Table 2 (page 83; attached as 
Exhibit 5 hereto), that liposomal 4-HPR can be formed using DMPC and water, or DMPC + 
water + soybean oil ("SO"). Here, the water in included in the t-butanol that is employed for 
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solubilizing the lipids and 4-HPR to form liposomes. Importantly, the encapsulation efficiency 
achieved by the present inventors for 4-HPR using water or water + SO was consistently very 
high: 81.5% with DMPC + water and ranging from 77.5% up to 96.4% with DMPC + water + 
SO. This was in direct contrast to the much poorer 60% encapsulation efficiency achieved 
without the inclusion of water, which is reflective of the approach taught by Mehta. 
g) Claims 138-141 

The data set forth in Table 2 demonstrates that formulations made with DMPC + water 
have a surprisingly higher 4-HPR encapsulation efficiency than formulations made with DMPC 
and no water (81.5% vs. 60.0%). Similarly, it is shown that increasingly higher amounts of 
water provide an increasingly higher incorporation efficiency (77.5%, 81.5% and 87.5%> for 
lower amounts of water and 88.3%, 92.8% and 96.4% for higher amounts of water). This is 
particularly relevant to the patentability of claims 138-140. 

Furthermore, the data demonstrates that the inclusion of all three of DMPC + soybean oil 
+ water is even more preferred than either DMPC + water alone, or DMPC alone (average 88.5% 
vs. 81.5% vs. 60.0%). This is particularly relevant to the patentability of claim 141. 

B. The rejection of claims 138-141 over Mehta in view of Minton or Zeligs 
1 . Summary of Rej ection 

The Final Action next rejects claims, including claims 138-141, as obvious over Mehta in 
view of Zeligs. The rejection is essentially as set forth above for the foregoing rejection, with 
the exception that the secondary references of Minton and Zeligs are rehed upon. Minton is said 
to teach 4-HPR in the treatment of cancer and is also said to teach the use of sustained or 
continuous release formulations (col. 13, Ins 17-18). Zeligs is also said to teach 4-HPR in the 
treatment of cancer and is said to teach administration in the form of liposomes (col. 6, In 60). 
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2. Appellants' Remarks 

First of all, Appellants incorporate by reference all of the foregoing comments with 
respect to the rejection over Mehta in view of Ulukaya. Further with respect to the two 
additional references of Minton and Zeligs, Appellants note that neither of these references 
appear to teach or suggest the use of water in the lipids used to form liposomal 4-HPR and thus 
do not appear to address the shortcomings noted above. 

The Minton reference is said to teach sustained or continuous release formulations, but it 
is hard to see how this disclosure is relevant to DMPC/SO/water formulations of 4-HPR and the 
Examiner has not provided any explanation in this regard. On the contrary, Minton simply 
teaches that one can prepare sustained release formulations of the 4-HPR and calcium glucarate. 
However, it is hard to imagine how the preparation of a sustained release formulation of these 
two drugs would lead one of skill in the art to Mehta - as noted above, Mehta is concemed with 
formulations having reduced toxicity and appears to teach that one can administer liposomal 
retinoids for longer periods of time without toxicity (see, e.g., col. 4). Perhaps Appellants have 
missed the teachings that the Examiner is relying upon. So, if the Examiner is aware of some 
teaching in Mehta that its liposomal retinoid formulations are for the purpose of providing a 
sustained release formulation, the Examiner is requested to identify the teaching relied upon on 
the record. (Applicants have on-line searched the Mehta patent for the word "sustained" without 
success, and have only found the word "continuous" in relation to continuous therapy with 
retinoids as opposed to teaching that the lipid formulations provide this benefit.) 

Zeligs is the one reference that does refer generically to liposomal formulations of DHEA 
and retinoids such as 4-HPR, but again, there is no basis for combining this teaching with Mehta 
per se to arrive at the presently claimed invention. In particular, it is noted that Zeligs is 
primarily concemed with topical therapy and topical compositions for the treatment of skin 
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disorders and for protection against UV light. There is some disclosure that concerns parenteral 
administration - indeed, liposomal formulations are only mentioned in the context of systemic 
administration (col. 6, In 60). While no specific indications for liposomal formulations per se are 
given by Zeligs (see col. 6, In 60), there is disclosure that systemic administration is to "prevent" 
the "recurrence" of squamous cell carcinoma. Furthermore, there is no disclosure that would, in 
the Applicants' opinion, suggest to one of skill in the art to select and use a DMPC/SO/water 
formulations - certainly a very general disclosure such as Zeligs (which only appears to mention 
the word "liposome" once) cannot render each and every cancer therapeutic methods suing lipid 
formulations obvious. 
IX. CONCLUSION 

Appellants have provided arguments that overcome the pending rejections. Appellants 
respectfully submit that the Final Official Action's conclusions that the claims should be rejected 
are unwarranted. It is therefore requested that the Board overtum the Final Action's rejections. 




David L. Parker 
Reg. No. 32,165 

FULBRIGHT & JAWORSKI L.L.P Attorney for Appellants 

600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
512.536.3055 (voice) 
512.536.4598 (fax) 

Date: July 2, 2004 
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APPENDIX A 

1.-53. (Cancelled) 

54. (Previously presented) A method of treating a subject having cancer, comprising 
administering to said individual a therapeutically effective amount of a composition 
comprising N-(4-hydroxyphenyl) retamide, or a derivative thereof, encapsulated in a lipid 
material, wherein said lipid material comprises dimyristoyl phosphatidylcholine (DMPC) 
and one or more of soybean oil (SO) and water. 

55. (Original) The method of claim 54, wherein said dimyristoyl phosphatidylcholine and 
soybean oil comprise a ratio of greater than 80:20. 

56. (Original) The method of claim 54, wherein said composition is comprised in a 
pharmaceutically acceptable aqueous medium. 

57. (Original) The method of claim 54, wherein said method further comprises administering 
at least one additional therapeutic agent to said individual. 

58. (Previously presented) The method of claim 57, wherein said agent is comprised in said 
composition. 

59. (Original) The method of claim 57, wherein said additional therapeutic agent comprises 
at least one anticancer agent. 

60. (Original) The method of claim 59, wherein the anticancer agent is chemotherapy agent, 
a radiotherapy agent, an immune therapy agent, a genetic therapy agent, a hormonal 
therapy agent, a biological agent, an additional retinoid or a retinoid derivative. 

61. (Withdrawn) A method for increasing growth inhibitory effects of fenretinide on a cell 
comprising providing to a cell, in combination with fenretinide, one or more agents that 
increases the level of nitric oxide (NO) in said cell. 
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62. (Withdrawn) The method of claim 61, wherein said cell is a tumor cell. 

63. (Withdrawn) The method of claim 62, wherein said tumor cell is a breast cancer cell. 

64. (Withdrawn) The method of claim 63, wherein the breast cancer cell is an estrogen receptor 
(ER)-positive cell. 

65. (Withdrawn) The method of claim 63, wherein the breast cancer cell is an estrogen receptor 
(ER)-negative cell. 

66. (Withdrawn) The method of claim 61, wherein fenretinide is provided before the one or 
more agents. 

67. (Withdrawn) The method of claim 61, wherein fenretinide is provided at the same time as 
the one or more agents. 

68. (Withdrawn) The method of claim 61, wherein fenretinide is provided after the one or more 
agents. 

69. (Withdrawn) The method of claim 61, wherein fenretinide is provided more than once. 

70. (Withdrawn) The method of claim 69, wherein fenretinide is provided daily for three 
months with monthly three-day interruptions. 

71 . (Withdrawn) The method of claim 61 , wherein said agent is provided more than once. 

72. (Withdrawn) The method of claim 61, wherein said agent is a nucleic acid. 

73. (Withdrawn) The method of claim 72, wherein said nucleic acid is an expression construct 
encoding iNOS, interferon-y or herceptin. 

74. (Withdrawn) The method of claim 6 1 , wherein said agent is a protein. 

75. (Withdrawn) The method of claim 74, wherein said protein is iNOS, interferon-y or 
herceptin. 

76. (Withdrawn) The method of claim 61, wherein said agent is a chemopharmaceutical. 
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77. (Withdrawn) The method of claim 76, wherein said agent is cyclosporin A. 

78. (Withdrawn) The method of claim 62, wherein said cell tumor cell is a patient. 

79. (Withdrawn) The method of claim 78, wherein said cell tumor cell is part of a tumor mass 
in said patient. 

80. (Withdrawn) The method claim 78, wherein providing comprises direct administration to 
said tumor cell. 

81. (Withdrawn) The method of claim 61, further comprising providing to said cell an 
additional anti-cancer therapy. 

82. (Withdrawn) The method of claim 81, wherein said additional anti-cancer therapy is 
radiation. 

83. (Withdrawn) The method of claim 81, wherein said additional anti-cancer therapy is a 
distinct chemotherapy. 

84. (Withdrawn) The method of claim 81, wherein said additional anti-cancer therapy is a 
distinct gene therapy. 

85. (Withdrawn) The method of claim 81, wherein said additional anti-cancer therapy is 
immunotherapy. 

86. (Withdravra) The method of claim 81, wherein said additional anti-cancer therapy is 
hormonal therapy. 

87. (Withdrawn) The method of claim 61, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration of 0.1 jim. 

88. (Withdrawn) The method of claim 61, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration of 0.5 |im. 
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89. (Withdrawn) The method of claim 61, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration of 1 .0 |im. 

90. (Withdrawn) The method of claim 61 , wherein said cell is killed. 

91 . (Withdrawn) A method for treating cancer in a subject comprising providing to said subject, 
in combination, fenretinide and one or more agents that increases the level of nitric oxide 
(NO) in cancer cells in said subject. 

92. (Withdrawn) The method of claim 91, wherein said cancer is a breast cancer. 

93. (Withdrawn) The method of claim 92, wherein cells of said breast cancer are estrogen 
receptor (ER)-positive. 

94. (Withdrawn) The method of claim 92, wherein cells of said breast cancer are estrogen 
receptor (ER)-negative. 

95. (Withdrawn) The method of claim 91, wherein fenretinide is provided before the one or 
more agents. 

96. (Withdrawn) The method of claim 91, wherein fenretinide is provided at the same time as 
the one or more agents. 

97. (Withdrawn) The method of claim 91, wherein fenretinide is provided after the one or more 
agents. 

98. (Withdrawn) The method of claim 91 , wherein fenretinide is provided more than once. 

99. (Withdrawn) The method of claim 98, wherein fenretinide is provided daily for three 
months with monthly three-day interruptions. 

100. (Withdrawn) The method of claim 91, wherein said agent is provided more than once. 

101 . (Withdrawn) The method of claim 91, wherein said agent is a nucleic acid. 
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102. (Withdrawn) The method of claim 101, wherein said nucleic acid is an expression construct 
encoding iNOS, interferon-y or herceptin. 

103. (Withdrawn) The method of claim 91, wherein said agent is a protein. 

104. (Withdrawn) The method of claim 103, wherein said protein is iNOS, interferon-y or 
herceptin. 

105. (Withdrawn) The method of claim 91, wherein said agent is a chemopharmaceutical. 

106. (Withdrawn) The method of claim 105, wherein said agent is cyclosporin A. 

107. (Withdrawn) The method claim 91, wherein providing comprises direct administration to 
said tumor cell. 

108. (Withdrawn) The method of claim 91, further comprising providing to said cell an 
additional anti-cancer therapy. 

109. (Withdrawn) The method of claim 108, wherein said additional anti-cancer therapy is 
radiation. 

110. (Withdrawn) The method of claim 108, wherein said additional anti-cancer therapy is a 
distinct chemotherapy. 

111. (Withdrawn) The method of claim 108, wherein said additional anti-cancer therapy is a 
distinct gene therapy. 

112. (Withdrawn) The method of claim 108, wherein said additional anti-cancer therapy is 
immunotherapy. 

113. (Withdrawn) The method of claim 108, wherein said additional anti-cancer therapy is 
hormonal therapy. 

114. (Withdrawn) The method of claim 91, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration in cancer cells of 0.1 |iim. 
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115. (Withdrawn) The method of claim 91, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration in cancer cells of 0.5 )im. 

116. (Withdrawn) The method of claim 91, wherein fenretinide is provided in an amount 
sufficient to achieve an intracellular concentration in cancer cells of 1.0 \xm. 

117. (Withdrawn) The method of claim 9 1 , wherein fenretinide is provided at 1 0 mg/day. 

118. (Withdrawn) The method of claim 91, wherein fenretinide is provided at 100 mg/day. 

1 1 9. (Withdrawn) The method of claim 91 , wherein fenretinide is provided at 200 mg.day. 

120. -129. (Cancelled) 

130. (Withdrawn) A method for inhibiting metastasis in a subject having cancer comprising 
providing to said subject, in combination, fenretinide and one or more agents that increases 
the level of nitric oxide (NO) in cancer cells in said subject. 

131. (Previously presented) The method of claim 54, wherein the composition is administered 
parenterally to the individual. 

132. (Previously presented) The method of claim 54, wherein the composition is administered 
orally to the individual. 

133. (Previously presented) The method of claim 54, wherein the lipid material comprises 
DMPC and SO. 

134. (Previously presented) The method of claim 133, comprising a ratio of 4-HPR, or derivative 
thereof, to DMPC/SO of from 1:5 to 1:15. 

135. (Previously presented) The method of claim 134, wherein the 4-HPR, or derivative thereof, 
to DMPC/SO ratio is about 1:5 (w/w). 

136. (Previously presented) The method of claim 134, wherein the 4-HPR, or derivative thereof, 
to DMPC/SO ratio is about 1:10 (w/w). 
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137. (Previously presented) The method of claim 134, wherein the 4-HPR, or derivative thereof, 
to DMPC/SO ratio is about 1:15 (w/w). 

138. (Previously presented) The method of claim 54, wherein the lipid material comprises DMPC 
and water. 

139. (Previously presented) The method of claim 138, wherein the composition comprises from 
1 to 10% water. 

140. (Previously presented) The method of claim 139, wherein the composition comprises about 
10% water. 

141. (Previously presented) The method of claim 54, wherein the lipid material comprises 
DMPC, SO and water. 
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CANCERTREATMENT REVIEWS 1999:25:229-235 

Article No. cti v. I999.0t27. available online at http://www.ideal ibrarv.com on IDEM" 
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LABORATORY - CLINIC INTERFACE 




CANCER 
TREATMENT 

REVIEWS 



Fenretinlde and Its relation to cancer 

Engin Ulukaya and Edward J Wood 

University of Leeds, Department of BiocbemisUy and Molecular Biology, Leeds, LS2 9JT UK 

Retino^ds. natural or synthetic substances which have vitamin A activity, have a well-known reputation for their antrtumour 
and d-ff-eremion-inducng activity ,n vitro and in vivo. More than / 500 retinoids have been tested so far but very few ofthem 
have been entered into chnical trials because of their side-effects. A!l4rans^N-(4-hydroxyphenyl)r^tir^mid^ (4HPR or 
enret,n,de ,s a synthetic retinod is repaned to have fewer side-effects compared 2 natuSly occurring retinoid 
uch as alMrans ret.noic aad (ATRA) and 9-cis retinoic acid In addition, fenre^nide has been shown to induce cell deaS 
(apoptos,s) even .n ATRA-res.stant cell lines. Although the mechanism by which fenretinide acts is not entirety known it is 
considered to be a promising drug and seems to induce apoptosis via different pathw^y{s) from classical retinoids. In this 
reve»w we d.scuss possible mechanisms of fenretinide action and summarize resulu of clinical trials. 



INTRODUCTION 



It has beeji known for many years tliat vitamin A is 
essential for norma! differentiation and maintenance 
of epithelial tissues. In addition, vitamin A, usually 
known as retinol, and its derivaHves, called 
retinoids, have an increasing importance as chemo- 
prevenHve agents through their antiproliferaave 
and/or differentiating- effects on certain types of 
tumours (1). Recently, some retinoids, such as fenre- 
tinide, liave also been shown to induce ceil death by 
apoptosis in some cancer cell lines (see below), 
which can be considered as a contribution to their 
total antitumour effects. Hov^rever, neither the mech- 
anisms of iheir chemopreventive effects nor their 
effects on apoptosis are fully understood. 

So far, more than 1500 retinoids have been 
produced and tested under in-vivo or in-vitro 
conditions. Al^trans-N-(4-hydroxyphenyI)retinamide 
(4HPR or fenretinide), first produced in the USA in 
the 1960s, is one such compound (Figure 1). As can 
be seen from its struchue, it is a synthetic amide 
derived from all^trans-retinoic add (ATRA). 
According to the results of various in-vih^o cell cul- 
ture studies, fenretinide seems not only to inhibit the 
proliferation of cancer cells but also can cause cell 
death by inducing apoptosis in T lymphoma and T 
lymphoblastoid leukemia cells (2), human breast 
cancer cells (3), small cell lung cancer cell lines (4), 
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non-small cell lung cancer cells (5), prostate adeno- 
carcinoma cells (6), head and neck squamous cell car- 
cinoma (SCC) cells (7^), and melanoma cells (9). 

Fenretinide has also been tested in animal models 
in terms of its antitumour effect in vivo, Feru^tinide 
inhibited the proliferation and also induced apopto- 
sis of colon adenoma cells in male F344 rats (10), 
reduced the yield of carcinogen-induced colon 
tumours in rats (11,12), iruluced complete regression 
of carcinogen-induced first mammary tumours in 
22% of animals and partial regression in a further 
19% of animals (13), inhibited the induction of 
mammary adenocarcinomas compared with carcino- 
gen coritrols in female rats (14), suppressed bladder 
carcinoma induction by N-butyl-N-(4-hydoxybutyI) 
nihrosamine (15), exerted chemopreventive effects 
agairist exogenous and endogenous rat liver carcino- 
genesis (16)> reduced carcinogen-induced pancreatic 
adenomas in female hamsters (17), inhibited tumour 
progression and multiplicity in a two-stage skin can- 
cer model in Ol and SENCAR mice (18), reduced 
naturally occurring skin tumours in Aa/segHapBR 
rats (19), and if given via the peritoneal cavity rather 
than by mouth, significantly increased the survival 
time of mice with ovarian carcinoma (20). In contrast 
to tliese beneficial effects, fenretinide did not inhibit 
the total tumour formation in the lung of female A/J 
mice in which carcinogenesis was chemically 
induced by tobacco nitrosamines (21). In addition, 
there was no protective effect against the induction 
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Figure I Structures of vitamin A (retinol) (A) and fenretimde (B) 

of chemical carcinogenesis of prostate in Wistar- 
Umlever rats (22). In another study, although fenre- 
tinide reduced the incidence of prostate tumors in 
treated rats compared to controls (27.5 versus 43.2%), 
the difference was not statistically significant (19)! 
However, fenretinide considerably reduced the 
development of pnastate cancer in the Lobund-Wistar 
rat model, to about one fourth (21 versus 88%) (23), 

On the basis of these data, it was decided that fen- 
relmide was a promising candidate for chemopre- 
vention trials. It has therefore been entered into a 
number of clinical trials in oncology, mainly because 
of Its anticancer properties coupled with lower side 
effects compared to other retinoids (24,25). 



METABOLISM AND PHARMACOKINETICS 
OF FENRETINIDE 



It seems that fenretinide has significantly different 
prc^erhes when compared with other refinoids in 
terms of its mode of storage and plasma half-life. The 
main difference is the absence of hepatic accumula- 
tion of feruetinide, implying reduced liver toxicity. 
Fenretinide did not cause any. detectable increase in 
hepaHc retinoid levels in rats after oral administration 
(26) and in the same shidy, fenretinide was also found 
to be selecUvely accumulated in the mammary 
gtonds, which makes it an attractive agent for chemo- 
prevenUon of breast cancer. The absence of hepatic 
accumulaHon was also confirmed by another study 
although hransient increases in liver funcHon tests 
, occurred after each dose (27). In this study, the termi- 
nal plasma half-life of fenretinide was found to be 12 
hours which is much longer than its natural analog, 
ATRA. This finding may also make fenretinide more 
preferable. In contrast, in another shidy (28) per- 
formed on both rats and mice, liver was the second 
organ in both ^ies accumulating the highest 
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concentrations of fenretinide> with the bladder and 
mammary glands the first and third highest respec- 
tively In a trial of fenretinide in women who had 
been operated on for breast cancer, a rise in liver 
enzymes to two to four times higher than normal 
levels ocajrred in only seven of 101 patients without 
clinically significant liver foxidty (29). 

Fenretinide is mainly nnetabolized to a lipophilic 
compound, N-(4-metiioxyphenyl)-aU-trans-retinamide 
(MPR), which is the major drciilating fenretinide 
metabolite, as well as polar retinamides, including 
HPR-O-glucuronide (30). Polar mebbolites are 
excreted into urine and bile, while the nonpolar 
metabolite, MPR, accumulates in tissues including 
fat, prostate, skeletal muscles, liver and intestines. In 
another study in female mice after an oral treatment 
with 10 mg/kg, the highest levek of MPR were 
detected in liver and mammary tissue (31). 

Whether or not MPR is an active metabolite 
seems to be controversial. It was tested as an active 
substance (32). Moreover, MPR was stated to be 
cquipotent to fenretinide in reversing keratinization 
of retinoid-deficient hamster trachea in vitro (30). 
Conversely however, MPR was biologically inert in 
one study (33). In addition, it has recently been 
reported not to be an active metabolite of fenre- 
tinide as it failed to inhibit the growth of fenre- 
tinide-resistant UISO.Mel-6 celb, and showed no 
dose-dependent inhibition of fenretinide-sensitive 
breast carcinoma and melanoma cell lines (34). It 
was also suggested by the same authors that 
although MPR is not an active metabolite of fenre- 
tinide, detection of this metabolite in malignant 
cells might serve as an indirect biomarker for pre- 
dicting the response of cells to fenretinide because 
MPR was detected only in cells sensitive to fenre- 
tinide. MPR is also a major determinant of fenre- 
hnide-induced reductions in plasma insulin-like 
growth factor-1 (35) and retlnol (36). 

Some studies have shown that fenretinide may 
affect retinol metabolism in the liver. For example. It 
seems to be able to induce the secretion of RBP, 
retinol binding protein, the protein whidi carries' 
rebnol in the plasma from the liver into the blood- 
shieam, and leads to rapid RBP accumulation in the 
Wdney (37) In another study (38) it was concluded 
that fenretinide partially blocks the secretion of the 
retinol-RBP complex from the liver and other tissues, 
and thus depresses plasma concenhrations of both 
vitamin A and RBR Interestingly, it was also demon- 
strated Uiat fenretinide induced liver RBP secretion 
in vitamin A deficient rats but depressed it in those 
with adequate levels of vitamin A (39). 

It has recently been claimed that fenretinide itself 
bmds to RBP, and thereby induces secretion of RBP in 
HepG2 cells, and that the secreted fenretinide-RBP 
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complex has n reduced affiiiity for TTR (trans- 
thy?*etin). This observation may explain the fenre- 
tinide- induced reduction of plnsma retinol observed 
in in-vivo studies (40). Plasma retinol reduction after 
fenretinide trentment was also observed in hujnan 
subjects. For example, in one of the chemopreventive 
ttiaJs, fenretinide treatment resulted in reduction in 
the levels of plasma retinol (41). However, baseline 
retinol plasma conceiitrations recovered 1 month 
after treatment interruption. Relinol levels were also 
found to have a negative relationship with fenre- 
tinide dose (42) This decrease in plasma retinol 
might be respt)nsible for the improvements observed 
in patients with actinic keratoses who applied topical 
fenretinide twice daily for 3 months (43). It has also 
been suggested that fenretinide may have clinical 
utility because of its ability to increase the biological 
half-life of ATKA(44). 



MECHANISM OF BIOLOGICAL ACTIVITY 
AND APOPTOSiS-INDUCING EFFECT OF 
FENRETINIDE 



The biological activities, including the anti-growth 
effect, of fenretinide could be mediated by interaction 
with tlie nuclear retinoid receptors. However, it is not 
entirely clear whether fenretinide can in fact activate 
these receptors. In transact! vation assays, it was 
observed that fenretinide was a potent transactivator 
with RARyand a moderate activator with RARP, but 
did not interact with RARa and RXRa. Furthermore, 
optimal receptor activation has been found at fenre- 
tinide concentrations vviiich correspond with those 
required for its activities as a potent growth inhibitor 
and inducer of apoptosis (45). 

Growth inl^ibition by fenretinide as well as ATKA 
was stated to be correlated with the induction of 
_ the JRARp2 gene in CLC82 (lung adenocarcinoma) 
and BGC823 (stomach adenocarcinoma) ceUs. 
Furthermore, exogenous RARp2 expression potenti- 
ated fcnretinide-induced grov^th inhibition, sug- 
gesting that fenretinide acts at least in part via the 
RARp receptor (46). In contrast, in one study expo- 
sure to fenretinide resulted in the generation of 
DNA fragmentation with subsequent cell death in 
both ATRA-positive oestrogen receptor (ER)-posi- 
tive as well as ATRA-refractory ER-negative breast 
carcinoma cell lines. Consequently, it was suggested 
that fenretinide might mediate its biological actions 
via a novel pathway(s) not involving the classical 
retinoid receptor pathways (47). Taken together, 
because of different retinoid receptor expressions in 
various tissues, the anti-tumour effect of fenretinide 
may be limited to some tissues. Its mode of action 
may also B'e different from that of ATRA. The 
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observed diffcirntial responsiveness of a numlxM" of 
haemopoietic cell lines, which arc resistant to ATRA, 
but which respond to fenretinide, also indicates that 
these compounds may act thi\>ugh different recep- 
tors (48). It has been suggestetl that fenretinide and 
indeed ATRA, at least in terms of mediating gn>\vth 
inhibition, might act by different mechanisms (49). It 
has also btx>n demonstrated that contrary to the dif- 
ferentiation-promoting activity of ATRA, fenretinide 
dramatically suppressed neuroblastoma (N-B) cell 
growth by inducing apoptosis (SO). As mentioned 
above, tenretijiide has been shown to induce apop- 
tosis in head and neck SCC cells whereas Al'RA did 
not appear to have any apoptosis-inducing effect on 
the same cell lines (7). Indeed, it has been suggested 
that ATRA can promote a senij-apoplosis-resistant 
status in neutrophils, possibly through the overex- 
pression of the Bcl-2 gene, whose product is known 
to be an apoptosis-inhibiling protein, while fenre- 
tinide can cause apoptosis (51). 

As mentioned above, the mechanism of apoptosis 
induction by fenretinide as v\x4l as by some other 
retinoids is not well imderstood. One possibility is 
that fenretinide can enhance the generation of reac- 
tive oxygen species wiiich may then be involved in 
the apoptolic pathway (32). This phenomenon seems 
to be restricted to fenretinide and is not observed 
with other i-etinoids, including ATRA and 9-cis- 
retinoic acid (9-cis-R.A) (52,53). Another possibility is 
that fenretinide may <iffcct the cell survival signals 
received via integrins from the extracellular matrix. 
It is thought that abrogation of cell adhesion by 
fenretinide through down-modulation of intcgrin 
receptors plays a crucial role in the induction of neu- 
roblastoma programmed cell death (54). Howe\'er, in 
this case the same effect was also achieved by ATRA. 
Fenretinide may also affect the cell cytoskclcton. For 
example, it has been suggested that fenrctinicie 
might trigger apoptosis by inducing overall cyto- 
archifeclural changes and specific DNA fraj;menta- 
tion subsequent to increased turnover of the protein 
actin in HL-60 cells (51). 

In general, a-tinoids are well knomi for their dif- 
ferentiating effects, but the effect of fenretinide on 
differentiation has only been obsen'ed in a few cases. 
For example, fenretinide completely reversed kcra- 
tinization in S(.]uamc>us metaplasia of hamster tra- 
cheal organ cultures resulting from vitamin A 
deficiency (26), while it either did not show (51) or 
had a poor (44) differcntiating effect on the human 
promyelocytic leukemia cell lines, HL-60 and ?SfB4, 
respectively- Furthermore, it was also demonstrated 
that, contrary to the differentiation-pmmoting activ- 
ity of ATRA, fenretinide dramatically suppressed 
neuroblastoma cell growth by inducing programmed 
cell death (.SO). However, fenretinide up-regiilated 
the expression of several differentiation markers 
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(e.g., class 1 HLA, laminin, and Pl integrin chain), 
and down-iegulnted expression of molecules associ- 
ated wirh tumour progression, including the 
pl85/HER2 oncoprotein, the epidermal growth fac- 
tor receptor, and the M{r) 67,000 laminin receptor in 
breast cancer celJ hnes (55). 

HPR can induce tlie expression of transforming 
growth factor-pl (TCF-pl) in association with the 
induction of apoptosis (56). It may also regulate the 
activity of certain cell surface receptors. Thus, fenre- 
tinide as well as ATRA treatment of esophageal 
squamoius carcinoma cell lines resulted in downreg- 
ulation of the epidermal growth factor receptor 
(EGFR) which is known to bind proliferative ligands 
siich as epidermal growth factor and transforming 
growth factor a (TGF-a) (57). 

The fenretinide concentration used may be the 
critical point at which cells have to decide whether to 
imdergo either cell death by apoptosis and /or necro- 
sis or cytostasis. Mon^ver, the type of cell, normal or 
transformed, also seems to be important in this 
respect. In one study, fenretinide failed to inhibit the 
growth of some cervical carcinoma cell lines when 
used at 1 M but when used at 5 or 10 M, it induced 
apoptosis (58). In contrast, we found that fenretinide 
at 1 M inhibited the growdi of cell line A431, a squa- 
mous cell carcinoma cell line (unpublished observa- 
tions). We also found that the growth of skin 
fibroblasts was not affected by the same concenh-a- 
tion as was used for A431 cells. 



FENRETINIDE AND APOPTOSIS-RELATED 
GENE PRODUCTS 

There may be a relatioiiship between ferureHnide and 
apoptosis-related gene products, such as p53 and the 
BcU2 family. An extensive study on these gene prod- 
ucts was canried out on human leukaemic cell lines 
and although changes in BcI-2, p53, and c-myc 
expression were observed in cells treated with HPR, 
the Hme-course of ttiese events suggested that 
fenretinide-triggered apoptosis was not directly con- 
trolled by these genes and that ectopic overexpres- 
sion of Bcl-2 markedly delayed the onset of 
apoptosis, rather than protecting cells from death by 
fenretinide (59). A study on human breast cancer 
cells showed dial feiuetinide treatment resulted in 
decreased Bd-2 mRNA levels but not Bax mRNA lev- 
els, and induced apoptosis in both oestrogen recep- 
tor-positive and -negative cells (3). However, it was 
also found that the fenretinide failed to modulate cel- 
lular levels of the Bcl-2 and Bax proteins (52). In 
another study, p53 and pRB were suppressed in 
response to fenretinide in the androgen-independent 
human prostatic JCA-1 cells (60). 



SYNERGISTIC COMBINATIONS OF 
FENRETINIDE WIT H ANTI-CANCER DRUGS 

Fenretinide has been used in a number of synergistic 
combinations in order to try to increase its anti- 
tumor efficacy on different types of cancer cells. For 
example, it seemed that fenretinide potentiated the 
effects of cisplatin in ovarian carcinoma (20,61). It has 
also been combined with glucarate and this combina- 
tion therapy inhibited the growth of hiunan mam- 
mary tumour cells grown in athymic mice, the 
growth of rat mammary tumours in germfree rats, 
and the hormone-independent MTW 9a /R rat mam- 
mary tumour (62). Combinations of fenretinide with 
either tamoxifen or various cytokines also seems 
promising. 

One study (63) concluded that fenretinide induces 
the expression of TGF p-1 in association with the 
induction of apoptosis in prostate cancer cells in 
vitro, and furthermore^ fenretinidc-induced cytotoxi- 
city was abrogated by the addition of anti- TGF 
anHbody It was also reported that the combination 
of fenretinide (0.1 pM) and tamoxifen (l^iM) or 
IFN- Y (500 lU/ml) generally had addiHve or syner- 
gistic effects on all the breast cancer cell lines investi- 
gated (64). In an in-vivo study (65), a combination of 
fenretinide with tamoxifen was found to be effective 
in inhibiting MNU-induced adenocarcinomas in 
female Sprague-Dawley rats, and the r^uction in 
tumour inddence was greater for this combination 
than for either agent alone. Combinations of ferue- 
tinide and tamoxifen can be safely administered to 
women (66). This combination was also fotmd to be 
more effective than treatment with either of the 
agents alone in inhibiting of growth of human colon 
cancer cells in vitro (67). Fenretinide may have a syn- 
ergistic effect with irradiation ti>o. Low dose fenre- 
tinide combined with low dose gamma-irradiation 
seemed to have a synergistic effect on apoptosis, 
with the number of apoptotic cells Increased by more 
than 30% (68). 



TOXICmr AND CLINICAL TRIALS WITH 
FENRETINIDE 

In Phase I/II trials, feiuetinide seemed to be well-tol- 
erated with only minimal or mild toxicity depending 
on the dose used. Tliere are currently a number of 
National Cancer Institute (NQhsponsored clinical 
trials still in progress (69). It was previously reported 
that the recoTtm^ended dose forchemoprevention tri- 
als of HPR orally was 20) mg per day (70). 

A Phase I/n tiial in women with oestrogen receptor 
(ER)-positive or progesterone receptor (PR)-positive, 
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previously untrented metastatic breast cnncor vv.is 
performed to evniunte (he combined toxicity of 
tamoxifen plus lenretinide (71). There were no sig- 
i>ificant adverse effects on renal, hepatic, hemato- 
logic, or Mpid vah.ies. Myctalopia, photophobia, 
cheilitis, and pruritus (typical features of retinoid 
treatment) were not observed, hnprovement or sta- 
bilization of disease Incurred in 12 of 15 patient.s. 
Therefore it was concluded by authors that tamox- 
ifen achninistered with fenretinide is nontoxic. 
Phase III trials of tamoxifen vei-sus tamoxifen plus 
fenretinide are noiv warranted. 'Ibxrcity was mild in 
another phase II study of. fenretinide involving ?>[ 
patients with either advanced breast cancer or 
melanoma (72). 

Toxicity and the feasibility of usin^ fenretinide as 
a chcinoprevenlion agenl in nien at hi^h risk for 
prt>stale cancer has bcvn evaluated in 22 patients, 
f enretinide was well-toleraled, and no major toxicity 
was associalC'Ll with its use (73). hlovvever, because 
eiv;ht patients with ne]t;ative presto dy biopsies had 
positiv e pn)stnte biopsies prior to, or at the lime of, 
their 12lh cycle evaluation, the study was closed 
early. 

In one chemoprcvcntive trial, fenretinide was 
shown to prevent recurrences and tht* development 
of new sites of oral leukoplakia. Again the drug was 
well tolerated (74,7S}. However, fenretinide was 
nol effective in a Phase 11 trial in the treatment 
of myelodysplasia and it was even stated that in 
some patient.^ fenretinide may enhance leukaemic 
progre.ssion (76). This result may not be all that 
surprising because fenretinide tends to accumulate 
especially in solid tissues such as breast, prostate, 
and, to sonu? extent but not cit a toxic level, in the 
liver. 

Another chcmopreventive trial aiming at pre- 
venting contralateral primaries in women already 
treated lor breast cancer, whose risk is O.K'/n per year 
within 10 years from primary treatment, started in 
1987: accrual of patients was closed in 1093 with a 
total of 2972 patients, and the study is still ongoinj^ 
(24). The other trial is the basal cell carcinoma 
study, which started in January 1990. The study is 
ongoing (77). 



CONCLUSION 



It may be concluded from both in-vivo and in-vitro 
studies that fenretinide is well-tolerated and has 
some anti-cancer properties, including anti-prolifera- 
live and apoptosis-including effects. More clinical 
trials are obviously warranted but much work 
remains to be earned out in order to elucidate its 
mechanism(s) of action. 
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The following examples are included to demonstrate preferred embodiments of 
the invention. It should be appreciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques discovered by the inventor 
to function well in the practice of the invention, and thus can be considered to constitute 
5 preferred modes for its practice. However, those of skill in the art should, in light of the 
present disclosure, appreciate that many changes can be made in the specific 
embodiments which are disclosed and still obtain a like or similar result without 
departing from the spirit and scope of the invention. 

10 EXAMPLE 1 

PREPARATION OF LIPOSOMAL 4-HPR 

To demonstrate the simplified production of a 4-HPR-liposome composition, 
4-HPR was mixed with lipid mixture composed of various ratios of dimyristoyl- 
15 phosphatidylcholine (DMPC) and soybean oil in tertiarybutyl alcohol-water mixture 
(Table 2). 



Incorporation efl 


Table 2 

[iciency of 4-HPR in liposomes 


Composition 
of 

liposome 


4-HPR: Lipid 

(w/w) 


1 : 17 


1 :10 


1 : 5 


1 : 15 


DMPC: 
soybean oil in 
lipid mixture 


1 : 0 


1 :0 


9: 1 


8:2 


9: 1 


9 : 1 


Water in 
tertiary butyl 
alcohol 


0 


1 


1 


10 


1 


10 


10 


Incorporation efficiency 
(%) 


60.0 


81.5 


87.5 


92.8 


77.5 


88.3 


96.4 



The mixture was frozen in acetone-dry ice bath, and then dried by lyophilzer. It 
20 was stored as a powder and resuspended with saline before use. 

To determine the incorporation efficiency of 4-HPR into liposomes, liposomal 
4-HPR powder was resuspended in saline and any free, imincorporated free 4-HPR was 
separated by centrifugation at 30,000 xg for 1 hour. Liposomal 4-HPR was collected as a 
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pellet and washed three times with saline. 4-HPR concentration was determined by 
absorbance at 345 nm. To remove the interference by liposomal turbidity, absorbance 
was measured after liposomal 4-HPR before and after separation was diluted with 1:1 
mixture of dimethylsulfoxide and water. The incorporation efficiency was calculated by 
5 the following equation: 

Licorporation efficiency = OD345 (after separation)/OD345 (before separation) X 100% 

EXAMPLE 2 

10 ANTI-TUMOR ACTIVITY OF LIPOSOMAL 4-HPR 

Anti-tumor activity of liposomal 4-HPR was demonstrated in breast cancer cell 
lines in terms of growth inhibition (Table 3A and 3B). Breast cancer cell lines were 
plated in 96 well plates in DMEM/F12 medium supplemented with 5% fetal calf serum 

15 and incubated with different concentrations of liposomal 4-HPR and free 4-OTR, 
respectively. At the end of incubation, the growth of cells was determined by the 
Celltiter 96 Aqueous nonradioactive cell proUferation assay (Promega Corp., Madison, 
WI) according to the manufacturer's protocol. Growth and viability of cells were 
determined by MTS assay after treatment with 4-HPR for 3 days (BT-474) and 4 days 

20 (MCF7). Growth of treated cells was compared with that of untreated cells cultured 
under the same conditions, and was expressed as % of untreated cells. Tables 3 A and 3B 
shows the resulting data, which represents at least 3 experiments for each number. 



Comparison ol 
on 1 


Table 3A 

' the inhibitory effect of free- and liposomal 4-HPR 
the growth and viability of MCF-7 cells 


Concentration of 
4-HPR (fiM) 


Growth and viability (%) after treatment with 


Free 4-HPR 


Liposomal 4-HPR 


0.1 


106.5±7.8 


112.7±2.4 


0.9 


77.5±5.8 


72.9±2.9 


1.5 


43.8±5.7 


49.2±3.6 


1.8 


33.6±2. 


35.0±2.6 



25082320.1 



-84- 



